on behalf of the EPICE Cohort abstract BACKGROUND AND OBJECTIVE: Stillbirth and in-hospital mortality rates associated with very preterm births (VPT) vary widely across Europe. International comparisons are complicated by a lack of standardized data collection and differences in definitions, registration, and reporting. This study aims to determine what proportion of the variation in stillbirth and in-hospital VPT mortality rates persists after adjusting for population demographics, case-mix, and timing of death.
The worldwide burden of preterm birth is increasing. 1 However, since the early 1990s, many improvements in the care of these infants, including routine use of antenatal steroids for women at risk for preterm delivery and surfactant, have led to a dramatic reduction in the associated mortality of these infants, even for those born at <26 weeks' gestation. 2 -6 Medical advances in subsequent years have led to a continued reduction in both the mortality and morbidity rates for very preterm infants. 4, 7, 8 However, wide variations in stillbirth and in-hospital mortality rates for very preterm births (VPTs) have been observed across Europe, with up to twofold differences in these rates between regions. 9 -11 These comparisons raise questions about the quality and the equitability of access to perinatal and neonatal care in high-mortality regions or countries.
Using mortality rates as benchmarks for quality of care across countries is contingent on accounting for other sources of variation that affect these rates. Some of the variation can be explained by a lack of standardized data collection and reporting, specifically among the most preterm infants. 12 Worldwide differences in definitions of stillbirths, births, and deaths, access to termination of pregnancy, and registration and reporting of very preterm infants make it difficult to carry out direct comparisons, despite using a standardized approach. In addition, perinatal management of infants at very low gestational ages (GAs) related to unit policy and treatment and ethical concerns around the withholding or withdrawal of care also differs across Europe and impacts on mortality rates. 13 -15 Finally, the broad diversity in the demographic characteristics of childbearing women in Europe may affect the patient case-mix. 16, 17 Using the Effective Perinatal Intensive Care in Europe (EPICE) standardized population-based VPT cohort from 19 regions across 11 European countries, this study aims to determine what proportion of the regional variation in stillbirth and in-hospital mortality rates in European regions persists after adjusting for reporting differences in outcomes among VPTs as well as population demographics and casemix. We additionally investigate regional differences by the timing of death, because causes of death can differ for deaths which occur before, during, or immediately after delivery or on the neonatal unit before discharge.
METHODS
The EPICE birth cohort comprises a geographically defined prospective cohort of outcomes for VPTs between 22 +0 and 31 +6 weeks of GA in 19 regions in 11 European countries ( Table 1) . Regions were selected with respect to geographic and organization diversity (all have at least 1 tertiary center), feasibility (preexisting data systems and expertise), and sample size considerations.
Regional data collection took place by using a standardized protocol between March and July 2011 for 12 months, except in France where data were collected for 6 months, during which there were ∼850 000 births in the EPICE regions. Data definitions were agreed on by the EPICE Consortium and data were collected from obstetric and neonatal medical records by the regional teams by using either the EPICE questionnaire or modified regional systems. Ascertainment was validated against birth registers within all hospitals by local teams. Determination of GA was based on the best estimate of the obstetric team caring for the pregnant women. When there were several estimates, GA was based on the following hierarchy: in vitro fertilization treatment, ultrasound based on earliest estimate, last menstrual period, fundal height measurement, and neonatal assessment at birth.
For this analysis, data were excluded for 3 regions with <150 cases ( Table 1) . Terminations of pregnancy and severe congenital anomalies (Supplemental Information) were also excluded due to the variation in policies regarding the treatment of such cases across the regions.
Outcomes were defined by the type and timing of death or survival to discharge from neonatal care by using the following categories: stillbirth, deaths <12 hours after birth, deaths ≥12 hours to 7 completed days after birth, deaths >7 days after birth, and survivors at discharge from neonatal care. Analysis by GA was performed by using 2-week GA bands to facilitate comparisons, namely 22 +0 Ethics and data protection approvals were provided in each region to fulfill national legislation requirements.
Crude stillbirth, in-hospital mortality, and survival rates are presented using all births as the denominator, with differences between regions in the rates of mortality and of type of mortality tested by using the χ 2 test. Maternal, pregnancy, and infant characteristics are presented as numbers and rates or means with SDs, and the statistical significance of any variation between the regions was tested by using the χ 2 test or analysis of variance as appropriate.
The effects of maternal, pregnancy, and infant factors were investigated by using multinomial logistic regression models. The models simultaneously estimate the probability for each type of death (stillbirth, death <12 hours after birth, and death ≥12 hours after birth) while allowing the magnitude of the effect of each maternal, pregnancy, or infant factor to differ by type of death. This was undertaken first for maternal and pregnancy factors alone (overall mortality) and then for maternal, pregnancy, and infant factors (overall mortality and by timing of death) with associations presented as odds ratios (ORs) with 95% confidence intervals (CIs). Overall and for each type of death, the observed "unadjusted" mortality percentage was calculated for each region. In addition, a standardized mortality ratio was calculated overall and for each type of death for each region from the multinomial logistic model, namely, the ratio of observed to expected number of deaths was calculated by using the estimated risk-specific predicted probabilities from the whole cohort. An "adjusted" mortality percentage was calculated by multiplying the standardized mortality ratio by the appropriate observed death percentage across the whole cohort, both overall and for each type of death for each region. The variation between regions was quantified through the estimation of the SD of the mortality percentages for the regions. Absolute differences between the unadjusted and adjusted mortality percentages overall and for each type of death were then calculated for each region. This data analysis was generated by using SAS software, version 9 (SAS Institute, Inc, Cary, NC).
RESULTS
The EPICE study is comprised of 8888 infants that fulfilled the study criteria in the 16 regions included in this analysis. The overall stillbirth and in-hospital mortality rate for the cohort was 27.7%, with an almost twofold difference across the regions ranging from 19.9% in Stockholm, Sweden to 35.9% in Ile-de-France ( Table 2 ) (P < .001). Individual components of the mortality rates showed even wider variation (overall P < .001), with stillbirth rates ranging from 11.5% in Stockholm to 24.2% in Ile-de-France; the high stillbirth rate in Ile-de-France largely explains their high overall mortality rate. The variation in hospital mortality for deaths <12 hours showed an over eightfold difference from 1.2% in the Northern region of the United Kingdom to 9.9% in Wielkopolska (Poland). Stockholm had the lowest rates of mortality for deaths occurring between 12 hours and 7 completed days after birth (0.7%). The highest rate for this category of death was 5.4% in Lisbon, Portugal.
In-hospital mortality rates for deaths occurring >7 days after birth ranged from 2.3% in Estonia to 6.8% in Lisbon.
Wide variations were observed in maternal and pregnancy characteristics ( Table 3) , with the proportion of: mothers aged ≥35 years ranging from 15.0% in the Northern region of France to 45.4% in Lazio, Italy (P < .001); primiparous mothers ranging from 38.0% in Estonia to 67.6% in Northern Portugal (P < .001); and multiple pregnancies from 10.1% in Estonia to 22.1% in Eastern Denmark (P < .001).
In terms of infant characteristics ( Table 4 ) the mean GA varied between 28.0 weeks in Wielkopolska, Poland and Ile-de-France and 28.8 weeks in Estonia (P < .001); and the mean birth weight varied between 1052 g in Ile-de-France and 1234 g in Estonia (P < .001). Wide variations were also seen in the proportions of boy infants (P = .019) and SGA infants (P = .043). GA at birth has a major impact on the mortality rates of a region ( Fig 1 A-E Tables 7-11 .
Adjusted ORs with 95% CIs are presented in Table 6 for maternal, pregnancy, and infant characteristics by outcome. Very preterm stillbirths 4 Variation in the overall stillbirth and in-hospital mortality rates by region reduced little after adjusting for maternal and pregnancy factors from a SD of 4.8% for the distribution of unadjusted regional mortality rates (range, 20.0%-35.9%) to a SD of 4.7% (range, 20.5%-36.6%). However, additional adjustment for infant factors reduced the SD for the distribution of regional mortality rates to 3.9% (range, 20.0%-33.7%), largely due to GA. After adjusting for maternal, pregnancy, and infant factors, the SD of mortality rates by timing of death reduced by approximately one-tenth from 3.3% (range, 10.1%-24.3%) to 3.0% (range, 10.6%-22.0%) for stillbirths; by approximately one-quarter from 2.1% (range, 1.2%-9.9%) to 1.5% (range, 1.3%-7.8%) for deaths at <12 hours of age; and was 2.1% both before adjustment (range, 4.5%-12.2%) and after adjustment (range, 4.6%-11.4%) for deaths at ≥12 hours of age. The differences between regions all remained statistically significant (P < .001).
The impact of maternal, pregnancy, and infant characteristics on the timing of death for each region are shown in Fig 2, which illustrates the absolute differences in stillbirth and in-hospital mortality rates between the overall rates for the total cohort and the rates for each region. Adjustment for these characteristics changed the mortality estimates for Ile-de-France, Wielkopolska, and Estonia for stillbirths and deaths at <12 hours but had little effect on the UK region of Yorkshire and Humber for any mortality outcome. Deaths at ≥12 hours showed the smallest variation after risk adjustment for maternal, pregnancy, and infant characteristics.
DISCUSSION
This analysis identified wide variations in very preterm stillbirth and in-hospital mortality rates across Europe in the EPICE cohort from 2011 to 2012 by using standardized data collection procedures after accounting for population demographics, case mix, and timing of death and confirms previous findings. 9 We show that these variations are evident for all outcomes, although variation is greatest (in relative terms) for the earliest deaths, predominantly those occurring <12 hours after birth. Although birth registration differences or policies for ascribing whether an infant is recorded as a stillbirth or neonatal death may account for some of the variation for the earliest GAs, 12 this is not the case for births at later gestational ages (≥27 weeks), where GA plays a lesser role in the determination of potential 
FIGURE 1
Outcome by GA group for VPTs between 22 +0 and 31 +6 weeks of gestation by European region: EPICE cohort 2011 to 2012.
by guest on April 4, 2018 http://pediatrics.aappublications.org/ Downloaded from viability. Nevertheless, because the highest levels of variation are found for the deaths that occur closest to birth, it suggests that unit and regional policy differences may account for a proportion of this difference, possibly representing the full spectrum of interventions for compassionate and palliative care across regions. This difference in policies may contribute to the variation seen in the later deaths because more proactive initiation of treatment may lead to increased survival in those infants who were previously thought to be at highest risk of mortality. 19 To assess the full picture of outcomes associated with VPTs, it is important to investigate outcomes for the total cohort, including all stillbirths, intrapartum, and labor ward deaths as well as deaths on neonatal units to reduce the selection bias introduced by management policies. 20 One example of this is the variation in the amount of infants admitted to a unit for comfort care when early death is anticipated, a policy adopted by the Polish region of Wielkopolska, whereas other regions may allow such deaths to occur in the delivery suite and, in some circumstances, they may fail to appear in official statistics. In many countries, decision-making about potential viability takes place in the maternity unit, reflecting differences in obstetric and perinatal practices in addition to health system factors and the impact of cultural attitudes.
A number of maternal and pregnancy characteristics are known to be associated with rates of very preterm delivery and the subsequent risk of mortality. In this analysis, we have noted both demographic variations in terms of maternal age, proportion of primiparous mothers, and pregnancy complications (hypertensive pathology and PPROM). However, despite variations in these characteristics across the regions, they had a minimal effect on the regional variation in VPT mortality rates.
Similarly, infant characteristics that are known to have an association with mortality were investigated, and variations in the proportion of VPTs that were boys, from multiple births, or had fetal growth restriction were noted across the regions. When infant characteristics were added into the risk adjustment model, the variation in overall stillbirth and in-hospital mortality rates across the study regions reduced by nearly onequarter (23.3%), indicating the lack 7 Investigation of the effect of adjusting for maternal, pregnancy, and infant characteristics by the timing of death shows that interregional variation persists at all 3 specified timings. This is contrary to the findings of the EXPRESS study in Sweden, 11 which concluded that in the most extreme preterm infants, any regional differences were established <12 hours after birth, suggesting they could be related to variations in immediate perinatal practices. The continued wide variation in mortality for infants ≥12 hours of age in the EPICE cohort could indicate that there is variation in the quality, access, and provision of neonatal care across Europe. The profile of VPT is changing over time, with increasing numbers of earlier gestation infants, partly due to increasing iatrogenic early delivery as neonatal care has improved. 21 -23 The wide variation in mortality rates seen in the deaths at ≥12 hours of age may be due to the increasing complexity of these extremely preterm births.
Strengths of the Study
This study used a population-based prospective cohort study design with standardized data collection and definitions. Active validation of regional case ascertainment was carried out to ensure inclusion of all cases that fulfilled the study criteria, irrespective of local registration criteria for births and deaths. All terminations of pregnancy and major congenital anomalies were excluded to allow for other differences in the legislative practices between countries, although differences in perinatal management and policies for any other congenital anomaly may still have had an impact on our results. Our main analysis was carried out by using the timing of the death rather than admissions to the NICU, thus reducing the impact of the variations in unit and regional policies with respect to the treatment of this group. 19 
Limitations of the Study
There is no standardized method of ascertainment of socioeconomic status across Europe that can be derived from medical records 24 and,
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FIGURE 2
Difference in absolute mortality rate from overall mortality rate unadjusted (dark shade) and adjusted for maternal, pregnancy, and infant characteristics (light shade) for VPTs between 22 +0 and 31 +6 weeks of gestation by European region: EPICE cohort 2011 to 2012. Values to the right (blue) represent mortality rates that were higher than the overall average and values to the left (amber) represent mortality rates that were lower than the overall average. therefore, no adjustment has been made for this particular population characteristic, which is known to be associated with preterm birth. However, although there is a doubling of the risk of VPT between the least and most deprived groups in populations, 25 variations in the outcome of VPTs after admission to neonatal care do not appear to be explained by socioeconomic differences. 26, 27 Although the calculation of expected date of delivery for the vast majority of births is now assessed by ultrasound measurement, this is not always the case. In addition, there is variation in the dating formulae used for sonographic estimation of GA between regions, 28 which could lead to systematic variation. In this study, we have used the best estimate for GA based on ultrasound as the gold standard where possible and have identified a hierarchy for the calculation of GA when a number of estimates were provided.
CONCLUSIONS
The aim of this study was to determine what proportion of the regional variations in stillbirth and in-hospital mortality rates in European regions persists after adjusting for population demographics and case mix. Over 75% of the regional variation could not be accounted for by these factors. Investigation of the timing of death showed that approximately one-tenth of the variation in the stillbirth rate was accounted for by maternal, pregnancy, and infant characteristics. However, one-quarter of the variation in the mortality rate for deaths occurring <12 hours after birth, but almost none of the variation in the mortality rate for deaths occurring ≥12 hours after birth, seems to be explained by these same characteristics. This finding suggests that there may be an inequity in the quality of care provision and treatment of very preterm infants across Europe.
